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INTRO DUCTION

I I
A. Back ground

I Decaborane (14), 1t 101114, is an importan t starting material for the synthesis

of carb oranes , many of which have properties suitable for solid propellants and

I bat list Ic burn moderators. Decaborane is presently produced by pyrolysis of

ii ibora,ie , R
2

11(, at atmosp heric pressure In either a static or a flow system

I ;Irr;Ingvnlent

I Recent ly, Komp;i , i’t .  a t .  • reported the Cti—C0
2 laser ind uced conversion of

112116 to highe r molecular weight compounds such as icosaborane (16) , B20h16,
penta borane —9 , 1t~ Il

9 ,and decaborane , 8101114. Their work involved laser

I IrradIation of 11286 a t  initia l pressures between 50 and 400 Torr. B2H6.
‘l’lie laser was mode resonant to the V 14 wagging norma l mode of 11

3
2
H6 

by

I luning t o  the (R(16), 0001. — l.OuO) trans ition at 973 cm ’. They reported

h i g h  yields of icosaborane with low laser power (
~ 8W) although no numerical

I results were provided . More i m p o rta n t l y ,  they reported that in three out of

their fourteen irradiations a d i f fe ren t  reaction occurred , one which appeared

I Lo he slower , resulting in predominately 8
5H9 and some B10H14. Again no

numer lc;i I resul is were provided .

I 8. t f lj c c t l v c .s  kind Goal of this Resea rch

The goa l of this research was to provide information concerning the

I feasibility of conve r t ing 112 II 6 to 8 101114 wi th (‘W—C0 2 laser irradiat ion .

Severa l objectives were necessary to atta in this goal. Firstly, the work

I of Koinpa , ci. a!., needed to be repeated . This would include exp loratory

runs on w i t h  the laser , laser cell development , development of analysis

S Lve ltn lqIws and product characterization . The second objec t ive would be to

l); Irameterly.e the reaction var ia b les . This would include de termina t ion of

produc t plIotoIl reqll I r(’Inents as a fiint’ Lion of the initial B2116 pressure at

5 ( OflgtanL pow er and Intensity, d eterminat ion (if the initial photon requirements

for var i o us products and B
2

1I
6 

conv e r s i on at constant pressure and the effect

I
I. H. R. Bechmann, H. Noth, R. Rinck and K. L. Kompa, Chem. Ph~~ . Let. ,

29, 627 (1974).

4
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of intensity. Subsequent to this phase of study a flow experiment was planned

ii the process l~ oked economically promising for the laser induced prepara tion
of B10H14. Th irdl y,  an experiment(s) would be designed to determine if the

LIC (Laser Induced Chemistry) reactions were initiated by primary molecules of

11
2116 hav ing vibra t ional exc itat i on due to multipho ton absorp tion or were j ust

thermal l y generated subsequent to a V—i ’ transfer. Fourthly ,  If it were found

t hat convers ion of 11
2

11
6 

to 11
10

11
14 

was not economically feasible with B
2
H
6

.II)sorpt ifln of CW— C0 2 i r rad iati on then laser sensitization experiments would

be altempted Lu at ta in  that goa l . Lastly, exper iments which would give pos-

sib le ins ight into the reaction mechanisms would be attempted. These could

provide information on how to alter t h e  LIC process to make the B2H6 
+ B10H14

conversion more economi cal .

- —  _ _
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1.1. i’}fl~ RESEARCH

A. Preliminaries and Parameterization of LIC Variables

The methods and procedures for completing several of the objectives are dis-

cussed In our first LIC paper which has been accepted for publication in Inor-

ganic Chemistry. In this paper we describe the cells , analysis techni ques ,
met hod of characterizing products and parameterization of a number of variables

associated with the LIC of 112116. We found significant differences from Kompa,

et. al. ’s’ initi a l results . Some of these differences are explainable.

Kompa , ci. il., reported the production of incoraborane , B20H16, when B2H6
was irradiated with the (14(16), 0001_ b oO) 973 cm CW CO

2 
laser line. In our

work we neve r found 11201116, nor did we see luminescence. However , we did pro—

dIlce a solid material which has simIlar characteristics to B20816 (except for
co lor and melt ing point) 2 which we characterized as the known polymeric material

(l1I I)~~. h i gh in tensi ty  CO2 pulsed laser irradiation also gives this polymeric

nskter ial accompanied by emission of the yellow luminescence
4 

reported by Kompa

and wor kers. Although we never produced (811) as the preferred product or saw

the luminescence this could be at t r ibuted to lower intensities (beam temperatures).

Since (lilt) has no known value the fact that all runs resulted in B10H14 and S

pentaborane and less (BH)~ was Ini tially promising.

2 . N. I.. Miller and I.. I.. Muettertles , .1. Am. Chem. Soc., 85, 3506, 1963.

1. I. Shap iro and K. E. WIlliams , .1. Am. Chem. Soc., 81, 4787 (1959).
4. K. A. Shia tas, .1. A. Merritt , 14. 1. Greenberg, L. C. Robertson , C. A.

‘t’anbom, H. C. Meyer and Clyde Riles , “Inf ra red  Laser Controlled Borane
Syn thesis,” 5th Conference on Chemical and Molecule Lasers,
St.  Louis, Missouri, (1977).
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Laser-Induced Chemistry of Diborane
S. SHATAS,’ D. GREGORY, R. SHATAS, and C. RILEY’2

Received May 18. 1977

Diborane was irradiated with the 973-cm ’ line of a CW CO2 laser. The products B10H,4, B5H,. B,H,1, (HH),,, and H2
resulted in all runs. The number of photons required to produce or transform one molecule of B,0H14. B,H, + B5H,,, H2,
and B2H, was determined at pressures between 64 and 510 Torr with the laser power maintained at 7.85 W . The y ields
of B,0H15. B~H, + 8~1-1,,, and 111 produced or B2H, transformed were measured as a function of illumination time at a
laser power of 8 W and an initial B2H6 pressure of 410 Torr. The number of photons required to produce one molecule
of ~~~~~ B~H, 4 B~-4 ,, and 112 0? tTa~ SfOTTh one molecule of 82116 was determined to be 22000, 28~, 156. and 156 at
time zero, respectively. No evidence for a chain process wa~ found, the reaction was not accompanied by light emission.
and B~H,6 was not produced.

Introduction rate constants orders of magnitude by effectively decreasing
Although available for some time, the advantages of the high the activation energy.

intensity and monochromacity of the SNailli laser are just Kompa et al. presented interesting data in 1974 in which
beginning to be realized in synthetic chemistry.~ The ability CW CO2 laser experiments on diborane were outlined.6 Using
to enhance desired reaction channels is one of the goals of any the R- 16 (973 cm ‘)line for excitation, they excited the v-14
synt hetic chemist. The multitude of reaction channels opened wagging mode of B2H6.7 They reported that upon lasing B2H6
by thermoequihibrium processes often results in not only many at various initial B2H, pressures and laser power II out of 14
undesirable products but products that may be difficult to experiments resulted predominantly in the production of
separate from those desired. The laser has great potential for icosaborane (B~$ ,~~~~. They repOTied that when ~~~~~ was
simplifying as well as enhancing the yield of desired product produced luminescence was also observed and the reaction
during chemical transformation. This intense monochromatic appeared to be a high quantum yield chain process. However,
source enables multiple photon absorption which can enhance in 3 out of 14 experiments they reported a shower process not

0020- 1669/71t/ 13h7-0l63$Ol.00/o c 1978 American Chemical Society
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resulting in icosaborane production, but pentaborane(9) (85H9)
and decaborane (B ,0H,4). No explanation was offered for the
occurrence of two different sets of reactions under the same “I
experimental conditions. Decaborane is a starting material ~ ‘°t - s
for the synthesis of carboranes, which have application as burn -
moderators for solid propellants. Since Kompa et al.6 ex-
periments reported some B,0H,4 product, we thought it ~~~~~~~~~~ 

- S ______ -worthwhile to repeat the work to determine if we could en-
hance the occurrence of the slower reaction resulting in B,0H,4
formation in preference to B20H,6. Our results disagree with oo io ~~o ~~ 

~~~~~~~~~ ~~~~~
those Kompa et at . reported. P0 ~~~

Experimental Section Figure I. Number of photons required to produce one molecule of
B,0H,4. 0 ‘,as a function of initial B2H6 pressure. Laser power 7.85The diborane, obtained from Callery Chemical Co., was stated to w

be at least 99 mol % pure at the time of shipment. Shipment at
ambient temperatures and storage in a freezer between runs results
in some decomposition. A minimum of four trap-to-trap distillations I
were made ut ilizing a glass vacuum manifold before a sample was
considered acceptable. Diborane was first separated from non-
condensable H2 by application of a liquid nitrogen (77 K) trap and 2

subsequent pumping. This was followed by severa l dry ice—acetone
(195 K) to liquid nitrogen transfers to remove higher molecular weight
boranes. Infrared” and mass spectra ’° of the purified diborane did — 

S

not indicate the presence of any impurities. When the purified diborane
was not in use it was retained in a vacuum bulb in a 193 K freezer. . • •
The foregoing purification process was always repeated even on the 

~ ~~ 
—

~~~~ 
- 

~~~ ,&~ ~~previously purified 193 K stored diborane before each days’ run f B~ H~

The laser cell design required vacuum operation and quick dis-
assembly for cleaning. The laser cells were constructed from I ll, Figure 2. Number of photons required to produce one molecular unit
in. o.d. and I’/2 in. id. Pyrex glass pipe. They were fitted with a of B5H, + B5l-1~ mixture. 4’ as a function of initial B2H, pressure.
vacuum stopcock and a detachable side-arm vial for condensations. Laser power 7.85 W .
Ends of the cells were fitted with 6.5 mm thick NaCI windows. Each
w indow was vacuum sealed to ground glass ends of the cells by two
V iton 0-rings fitted into a stainless steel 0-ring retainer grooved on
both sides. The windows were held in place by aluminum end caps
secured end to end by four rods and bolts. Each assembly has a path 2° 1 • si ,
length of approximately 10cm and a volume of 126- 132 cmi. Only • ‘
Kel-F halocarbon grease was utilized. The cells were vacuum leak 

~. 1
checked prior to use, always purged with 75—10 0 Torr of purified 82H,
for several minutes, reevacuated, and then charged with the desired
B2H, pressure. Pressure was determined with a simple Hg manometer.

The same charging vacuum manifold was utilized subsequent to
the runs to determine the pressure of H2. pentaborane. and B2H, by
a simp le differential pressure technique which only required applying 

___________________________________________

liquid nitrogen, dry ice—acetone, and room temperature baths to the ~ ° ~° 2t0 2~~0 ~bo ~~ ~ o 4~ 0
g a 2 w6 to..

detachable side-arm vial and reading respective cell pressures.
Evacuation of the cell enable condensation of the B,,H,4 into the Figure 3. Number of photons required to produce one molecule of
detachable side arm at salt—ice bath temperatures which could be 112 (circles) or to convert one molecule of B2H, (squares), 4 1, as a
weighed. B,,H,4 purity was determined by infrared spectroscopy’ function of initial B2H, pressure. Laser power 7.85 W.
and melting point.° (BH)n was characterized by noting its infrared
spectrum, lack of a melting point. deliquescence properties . and reaction
with H20 to form an acid solution. ’2 The B5H, and B5H, 1 mixture
was characterized by infrared spectroscopy and mass spectrometry °

The laser was a Coherent Radiation Model 42 CW CO2 laser fitted
wit h a Model 435 grating. Single-line operation was monitored with
an Optical Engineering CO2 spectrum analyzer. Power was monitored -

w ith Coherent Radiation power meters whose output was displayed
on a str ip chart recorder. Power was maintained at a constant level
during runs by placing a beam splitter prior to the reaction cell which
enab led monitoring of approximately 3% of the power irradiating the
cell. Power loss by reflection and absorption through each NaCI
window was 0.5—0.65 watts. Beam diameter was nominally 0.9 cm.

Results and Discussion
TINS S IC-I •I0.

We have exposed B2H, to the 973-cm ’ R- 16 line of a CW Figure 4. Yield of B,0H,4 in milligrams as a function of time. InitialCO2 laser more than 40 times. Not once was luminescence B2H, 410 Torr. Laser power 8 W. Initial slope gave a value of 22000observed or evidence of a chain process noted as found by photons required for each B,0H,4 molecule produced. ~ ,,l•Kompa et al.’ lcosaborane, B~H,,, was never found as a
product. We found the slower reaction produced a B5H, + runs made initially in heavy stainless cells (large heat sink)
85H,, mixture and B,0H,4 in all experiments. A material showed no signs of temperature increase and the same products
which we identify as the infamous yellow solids polymer (BK), were produced.
was also produced in all runs. ’2 Figures 1, 2, and 3 depict the variation in the number of

Temperature increases of as much as 10°C were noted at photons required to produce a product molecule of B101-114,
times in the higher pressure runs with the glass cells. Several B5H, + B5H,,, and H2 or to transform a molecule of B3H6,

_ _ _ _ _ _ _  - 5 - _ _ _ _ _ _  _ _ _  ____--- -- 5 - -~~~~~~~~~~~~~~~~~~~~~
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extrapo lated through the origin because B10H,4 crysta ls were
visible as early as 30 s into t he runs although not measurable
by our technique. The initial slopes are related to the initial°f - - 

photon requirements, ~~~~~~~ indicated on the figures. The
o to~ .. magnitude of the initial photon requirements also do not

support a chain-type mechanism. The fact that B,0H,4 initial
5. 0.t photon requirements are higher than those averaged over time

seems to imply a multistep mechanism and/or a thermal
~~~~I0 process. Pentaborane yields are nearly 50% of maximum after

_______ ______________ 2 mm as compared to less than 10% for B,0H,4. Similar early
I 0 0 

- 
• 5 0 H2 formation and B2H6 conversion yields with identical $0 °sTIME 355

also indicate the pentaboranes are produced at a faster rateFigure 5. Yield of pentaborane mixture in Torr as a function of time.
Initial B2H, pressure 410 Torr. Laser power 8 W . Initial slope gave initially than B10H,4 and both or one may be required as a
a value of 287 photons required for each pentaborane molecular unit stable intermediate for B10H14 formation.
produced, 4’o ’. We have not concluded whether the process is thermal or

not. W hereas B4H10 and B5H,, are both generally associated

• 
w ith thermal processes only the latter was detected)4 Ex-

• 
periments are underway to determine if a thermal process is 

-
~~ involved. No explanation can be offered at this time why these

200 results differ from those reported previously by Kompa et al.6
Increasing intensity to 169 W cm2 or introducing approxi-

_..~~~
— 

mately 2 Torr of 02 (to emulate leaky cells) did not result in
- the chain process they reported.

~~ooi 
0 
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(‘on tinuous Wave (‘02 Laser Induced Chemistry
of I)iborane. A Thermal Reaction

Sir.-

The idea of using lasers in chemical synthesis to open reac-
t ion channels not accessible at thermal equilibrium is attrac-
t ive. Iachmann , Nöt h, Rinck , and Kompa ’ generated con-

—

~~~~~~~



( OPSlPHhifli( OltIIfl.5 10 the Editor 659

I 4bIe I ( hoppi d m u  I. no.hopp~d C. W CO I ms c r Irr uduat io n of 132 116 Comp i r,son ml 41 1 )  Torr B I l ~ Initi it I’rLssur~
( hoppc r Inte nsi1~ to S2i11~)IL’ I3~I Is

lrequencv. I Ise r  W indow Power to sample during open time . W / 1m,ta l run Penta bo rine 13 111 11 14  consumed .
Run lIi posse r . W kiss . W during open time , W cia 2 1~ t i me. ~~

‘ )ield . Torr ~ietd . mg Tou r

I Ope n 5 .6 0.6 8 I 2 .6 660 41) 7 .5 178
2 Open 8 .6 0.6 8 12. 6 32 5 38 3 5 I
3 Open 5 .6 0.6 8 1 2.6 31 3 Lx 3 1)  26
4 15 5 6 0.6 8 12.6 685 I I  \Iune 12
5 38 5 .6 11 .6 8 I 2.6 66(1 9 \oune II,
6 6(8) 8 .6 (1.6 8 I 2.6 bSS 4 None It )
7 Open 4.3 0.4 3.9 6.0 660 7 Sm e 20
5 45 I 2.6 0.9 11 .7 18.4 685 22 (1.4 64
9 4 1 13.0 1.0 12.0 18 . 9 660 24 59

10 Open 6.6 0.5 6. 1 9.6 660 28 1.2 80

‘° Based UPOfl 0.9~cm beam diameter. ~ When chopping. the effective irradiation time is run time multi plied by open tract ion. (BIll,, ,uelds
acre not determined. (Bi t ) ,, was not v isible when there aas no B 111 11 14 .

siderab le attention in 1974 when they reported the use of a lation of Steverding ct al.7 a photoabsorplion cross section for
tuned CW-C02 laser to synthesize larger molecules, including 132H6 of 3 X J Ø ~~~0 cm 2 derived from its infrared spectrum , and
R’ llIl If, (icosaborane). B10H 4 (decaborane) , and B~H9 a calcu lated diffusion coefficient of I X l0~~ m2/s . we estimate
(pentaboranc-9) from diborane. They reported that B20H 16. the temperature in the beam envelope to be 500 K. This esti-
essent ial ly the sole reported product in I 1 out of 14 experi- mated tem perature is consistent with thermall y derived pro-
rnents, was produced in a chain process. Furthermore , B0 H 4 ccsses involving diboranc to produce the products found.
and BcII) were sa id to have lower probability of production and Comparisons of chopped runs 4 - 6 wit h unchopped runs 7 and.
occurred in the product mixture in only 3 out of 14 experi - chopped runs 8 ;tnd 9 with unchopped run 10 indicates that
ments. Since 134 1110 and B~H1 . normally found among t he average intensity (or average temperature) appears to govern
products of B~II~, pvrolys is experiments ,2 were not detected t he product yield.
and the reaction vessel ten-speraturedid not increase, it was As additional evidence we have carried out sensitized cx-
concluded that the re;ictions were initiated by a controlled perimcnts involving the laser irradition of SF0, and B~I1~,vibrational excitation , mixtures . SF6 ( I I  Torr) w as added to l3~11~, ( 400 Torr ) and the

Previous studies 1 in our laboratory have revealed noevidence laser output w a s  made resonant wi th the i’~ (933 cm _ 1 ) ‘un-
for the production of B20 11 10, under simi larconditions . A yellow damental of SF6 b~ tuning to the (P(32), 00° I l0°0) line. ’
w hite solid was produced t hat has characteristics similar to Power and intensit \ to the sample were maintained at S ‘sV and
13201 116 (except for melting point and color).4 The melting point 12.6 W/cm . respectively. The same products were found .15
of the hygroscopic solid was determ ined in a drybox in total. occurred when B7l15 wa s illuminated directly w i th  the R- 16
It did not melt below 250 °C, w hereas B~0H ~ melts at 199 °C. (973 cm ’ )  line. 1 h owever , t he production of (1311),, ss: ls
The infrared analysis of the solid was performed upon deposits visibl y greater than in the neat l3~I1~, ex periments. Upon
on t he window after removing H-u , BsUq, B~H1t. B2U6. and opening the beam stop. (Bill,, polymer could be initially
1310F1 

~~
. It was not required to open the cell for the anal ysis . generaled ifl a (visibl y) faster reaction than those leading to

The spectrum was found to be identical with that reported by other products . This faster reaction ceased qu ickt~ althoug h
Rinck5 and is characteristic ofa B H stretch. This substance the beam wa s on. Interrupting the beam ‘or a s hort time and
w as characterized as (UI l)~ polymer.6 It was further deter- opening the beam stop again could generate ;tnothcr flurry of
mined that a large number of photons were required to produce pol~ mer . No reaction w a s found when 400 Torr 01’ neat B~1I~,the product molecules , especia lly B10 H14 (~~t02~ l04). These was irradiated under these conditions . It would seem to Follow
large photon requirements suggested a complex and/or ther- that these reactions must be therma l because a I / transfer
mal mechanism , is required for the energy to reach the I3~1I~,.

The present work was carried out to determine if vibra- The faster reaction producing (1311),, under sensiti zed
t ionall y exc ited molecules produced by multiple photon ab- conditions is interesting especially at these high pressures . Thc
sorptIon were invo lved directl y or if a thermal process was same resu lts were found at 25 Torr of 13~IIh w i th S Torr of SF 6
taking place subsequent to vibration-translational energy using the P-20 (944 .2 cni~~ ) line w i th  ~.t -W power and
transfer from the laser excited B2 hJ o. To make this distinction I 5.9-W/cm 2 intensit y . The absorption cross section ofS I 0, is
the laser beam w;,s chopped w ith a slotted wheel (2.54-cm slots, severa l orders of magnitude greater than 132H6 and results in
2.85-cm teeth . 47 .I%opcn) driven by a variable dc motor. The total energy deposition wi th in a few millimeters path length.
procedure for preparat ion and anal ysis of samples in the cells Even though it would seem a V 7’ transfer is required to pro-
has been described previous ly.-’ The laser was tuned to the duce this faster reaction leading to ( B 1 l ) ~. the nature of this
(R ( 16) . 000 1 I0°0) line at 973 cm 1 . process is open to question and requ ires future study. High

Table I compares the chopped and unchopped results at intensity pulsed (02 laser irradiations of 50-400 Torr of neat
4I0-Torr initial pressure. (‘otnparing t he first six Iistings one 82110, with the R-16 line have also been reported to result
notes t hat chopping inhibits reaction substantially under our predominantly in formation of the yellow white polymeric
ex perimental cont~itions. However , t he most important result solids in a f;ister reaction. °0
is I he fact that , w hen the same number of photons was passed
t hrough the svs t enl at the same power and intensity for un- Acknow ledgment. This work w as supported by the U.S.
c hopped (open) and chopped runs , t he same result was not Army Research Office (Contract ~o. DAA(,29.77-~v1-0099).
produced (runs 2 and 3 vs runs 4 and 5). This is inconsistent We t hank Profu.ssor R. N. Littcr ol thu. Southcrn Illinois
with predominant ly v ibra ionally controlled chemical pro- lJniver~ity Department of Physics and Astronomy for the
cesse s he results can be interpreted in terms of a thermally suggestion of a chopping experiment , and R. Shatas of the
derived process in which the reaction rate is dependent upon Physica l Sciences Directorate. Redstone Arsenal . A la.. for his
t he temperature within the beam envelope . Using the formu- hel pful discussions.

_ _
_ _  _ _ _  _ _ _ _ _



660 Journal of the American Chemical Society / /00:2 / January /8 . / 978

References and Notes
(1) H. R. Bachmann. H. Noth. A. Rinck . and 1<. L. Kompa. Chem. P? ys . Left., 29,

627( 1974).
(2) L. H. Long. Plog b org. Chem.. 15, 1 (1972) .
(3) S. Shatas, 0 Gregory. R. Shalas. and C Riley. !norg. Chem.. in press.
(4) H. E. Miller and E. L. Muetterties. J. Am Chem. Soc., 85, 3505 (1963).
(5) R. Rinctu. tR-Laserphotochemie von B, ‘~rbindungen’ , P1-i D Dissertation.

Ludwig-Maximilians-Universiial . Munchen . 1976. p 95.
(6) I. Shapiro and A E Williams. J. Am. Chem. Soc.. 81, 4787 (1959)
(7) B. Steverding. H.P Dudel. and F P. Gibson, J. App!. Pl’iys.. 48, 1195(197 7) .

For CW application, private communication.
(8) T . Shimanouchi. - Tables of Molecular Vibrational Frequencies”. Part 3.

u. S. Nationat Reference Data Series National Bureau of Standards, Vol.
17 . 1968, p 11

(9) A. A. Shatas, J. A Merritt . A I. Greenberg. L. C. Robertson, G. A. Tanton,
H. C. Meyer, and Clyde Riley. - Infrared Laser Controlled Borane Synthesis”,
5th Conference on Cheriical and Molecular Lasers . St. Louis, Mo., 1977.

C. RiIes, * S. Shatas. Valerie Ark le
!)epartnu’nl of ( ‘/l emi.rtr t’

‘I /n ’ ( nn er.s l1 l  of .-llahwna in ll un tsm ’il l e
/ ! unt .s i j l /e . ,-l/ ithama 35807
Reei ’iz o’d .S’e,iu ’niher 6 , /977 

. _ _



— 25 —

C. B r i e f  Summaries of Other Work Done

] . CW—HF Laser I rradi a t ion of 8
2

11
6

CW—11i 7 la s e r  i r r a d i a t i o n  of 82
116 w i t h  i n i ti a l  pressures between 200

and 50(1 Torr.  were c a r r i e d  ou t .  Powers of 7 .2  W w i t h  the HF band center at
— 1j ;iI)I)rt)x lmatel y ‘370( 1 cm l)rodu ced ~o change in the B

2116. A combination of a

broad m.-tny l I n e d  ou l p u t , and a weak absorpt ion  at 3650 ciii ’ did not result

in  h i gh en ough beau t e m p e r a t u res  to b r in g  about  reac t ion .

2 .  CW—lW Laser I r rad Lit ion of 132 i1 6
L CW—l )F la ser  i r r a d i a t i o n  of 82 116 w i t h  i n i t i a l  pressures between 100

.j i t d 4 1( 1 ‘i’o r r .  were made. Powers of 3.9 W w i t h  the DF band center  at approxi—

m at e l y 2650 cm 1 produced r e s u l t s  t ha t  were s t rong ly i n t e n s i t y  dependent .

litlensities of 7 8 W/cm
2
, correspond i ng to 3,9W incident power wi th  a .125

(‘in beam rad ins rt~sii1 Led in predominately (BH) . Reduction of i n t ens i t y  to

7.8 W/ (’nl
2 

gav e results sini llar to those of R—16 CW—C0
2 

laser irradiation of
ll
2

ll( wit h t lic slower proc ’ssi’s producing pentahorane and decaborane becoming

more probab le. ‘l’iic expense of 1W laser operation does not appear to make this

p rocess eco n o in tu ’a  l i v  f e as i b l e .  l loweve r , var i a b l e s  are being parameter ized.

3. CW— CO . Laser  1 r rad Ia t ion  of B r 112 9
i’l i i s  ~as c a r r i e d  out to determine if B e ll could he converted and

j 9

wlietlit’r it would follow a reaction path to B 10H 14 or (BH) . U n f o r t u n a t e l y

only (WI) was produced. St rong  i n t e n s i ty  and power dependences were noted .

(li i i)  product ion became rap id  w i t h  the  sli ghest increase of power and in—

teul sity anove our usual 8 W and 12. 6 W/c m2. M i x t u r e s  of B
5

H 9 and B2H 6 along

w i t h  1) 119 and SF
6 

are planned  fo r  the future a l though  the latter would not

‘iceul iironlis ln~ because it should res’.il t in increased (BH) p roduc t ion  as the

beam te m p e r a t u r e  Js increased by a d d i t  ion of the  very s t r o n g l y  absorbing SF6.

4. CW—C0 2 l.ast’r I r r ad  Lii ion  ol SF
6 

+ I) 1I~ M i x t u r e s

‘l’hst’ l a ser  w;is made resonant  w i t I ~
’ t l te  V

3 
f u n d a m e n t a l  of SF6 by tun ing

L i i  t h e  (l’(34 ) 
* 

00° l~~I 00 0) 933 cm 1 I i  ne .  ‘I’ltc r e su l t s  were by f a r  the most -

l ’u u( ’ou rag 1 ng of :11 I oF our i t t  Lemp is to ii rr ivc a t  a syn thes i s  of 8
10H 1 ~ 

from

by way oh l . I C .  Y i e l d s  of B 10 11 11 were o f t e n  increased by f ac to r s  vary ing

I rom I — I / i  to ‘I r e l a t ive Lu tl iost ’ Found w i t h  R— 16 irradiation of B
2H6 d i r e c t l y .

lluwevc r , cv & ’ui w hen ( lie power , 8W , and in t en s i  t, y ,  12 W/c m 2
, were maintained ,

l a r ge  v a r l a t  ions in ili~ amount  of (RH ) and B 10H 14 were found from samp le to

- —— . —-— . . — ‘4 ~ 
‘
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sample.  (Bit ) production appeared to be decreased when the initial B
2
H6

pressure was m a i n ta i n e d  above 400 Torr .  (SF6 held at approximately 11 Torr. ) .

Al lower pressures ( R U )  was produced i n i t i a l l y  in a great burst  as the beam

entered the sample , accompanied by the emission of yellow luminescence ,

fo l l owed  by the  slow m et h o d i c a l  p roduc t ion  of B10H14 (usua l l y enhanced) and

85 119. I n t e r e s L ln ~~l y  no B~ H~~ was found as a product .  There may be a

c o r re b u i i on  between (BH)  p r o d u ct i o n  and B51111. Much work needs to be carr ied

out on this sensitized reaction to f i n d  t h e  best compropiise for  810814
syn t he s i s .  S imp le intensity r ’dio’t t on may be very  p r o f i t a b l e .

5. 1.0w ‘l’ em l)er~i t ( ure CW —C0 2 I ri adi;itj u,n of

R—16 irrad iation of B
2

11( was carried out at —67± 4°C with a laser

power 1)1 8 W and intensity of 12.6 W/cm
2
. The cell was similar in design to

those described in Paper I except it had a double wall jacket with entrance

and cxLt connections for liquid circulation . The cell was cooled by chilled

methano l w h ich had been passed over copper coils through which liquid nitrogen

was c ir c u lat e d . No solids were produced at this low temperature . The only

detected product was pure 85
8

11 which was characterized by IR spectroscopy.

More work d e f i n i t e l y  needs to be car r ied  out to determine the s ignif icance

of this  resu] t In terms of a react ion mechanism. Increasing temperatures

in steps I i t m p e l u l  ly should revea l some of the complex mechanism associated

w i t h  the  L I C  of 8286.

\
___________ — . _________________________________ _ .  \
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L I I .  DISCUSSION AND CONCLUSIONS

‘rhe prepa ration of 810814 from 82
86 by d i r e c t  laser  irradiat ion of the

u14 B21I
6 

wagging made was not found to be economically feasible. The process

required a large number of photons and was fo und to be occuring by a thermal
type mechanism. Although the resonant laser energy was deposited into

vibration a l energy i n itiall y it was quickl y degraded by V—T transfer. Appli-

cat ion oh the t o r m u l . i t i o n  of SLeverd i n g ,  et. a!. ,~~~ resu l ted  in a calculated

beam iumperat tire of ~00°l< and au av e rage v ibrat  ional excitation (n) of .06

.07 above Liii’ gr~ und ii = I) levi’ I .

‘l’hur l~ o: i u f  SF
6 

-F 8
2

11 6 unix Litres looked m ore economicall y promising because

of ( i i i ’  i iuu ’ re~ised yi el d s of 8
10

11 I4~ 
However , s ince this is still a thermal

~~~~~~~ I umVo l vi ng V— ’l’ t rauus Fer again we may be fa ced wit h a large photon
ri’qu i remcnl . Work uteeds IC ) be done in param eter izing the var iables  associated

v i  iii these react ions.

A l thtouig lu it appears  tha t the  laser is giving us tliermo chemistry at these

hi gh l)rc’?;suures it sh o u l d  be noted tha t laser thermally generated processes do

umot i nvo l v e s u r f a c e s  and ran result in somewhat d i f f e r e n t react ion channels

b e i n g  ii i  i I i z u ’d .  Work Luivol ving ideni if ir~i t ion of intermediates such as with

our  liu w tt’,npt’r;lture lase r irr adiati on experiments needs to be continued in order

Lu g i v e  SIS a h)rol)t’r l ’ ( ) m l l i l  r i s u i i W i  t im i lit ’ c la ss  1 ‘; i I thermo d iem ist ry results.

Ovt ’r .u h i  I rum th i s hr Lel  eXI ’IISS ion in to  t I C  it appears tha t synthesis

reilul ring ni.uui y st eps w i l l  c o n t i n u e  to be the r m a l l y  der ived , comparable to
c lass i r a  I r e s mu I t s  un l ess some stir I;ire effect C auses the classical to be

d i l l ere tut . Ikiwevvr , high  cross section processes Involving one step mechanisms .

t hat  is rear I lout  alter re lat I ye ly sm all number of t’ollIs Ions with a vibrational ly

exe [teCh species, s t i l l  of fer s  p romi se

7. 8. Steverd I iu g. .1. I .  l)uuile I ;us ul F. r. C Ibson , .1 . A~~,,I. 
~~~~~~~ * 
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